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Title of the Invention 

Electrode and Gel Electrolyte Cell Production Method 

Background of the Invention 
Field of the Invention 

The present invention relates to production method of an electrode including 
an electrode carrier and a gel electrolyte film formed on the electrode carrier and 
having a larger width than the electrode carrier and a production method of a gel 
electrolyte cell having such an electrode. 

Description of the Prior Art 

Recently various portable electronic apparatuses such as a tape recorder 
provided with a camera, a cellular telephone, and a portable computer are used and it 
has been desired to reduce their weight and size. Accordingly, it is also desired to 
reduce size and weight of cells used as a power source of these electronic apparatuses. 
To cope with this, a lithium-ion cell has been developed and industrialized. This cell 
uses a porous polymer separator impregnated in an electrolyte solution as the ion 
conductor between the positive electrode and negative electrode. In order to prevent 
leak of the electrolyte solution, the cell is packaged in a heavy metal package. 

On the other hand, a great expectation is posed on a solid electrolyte cell using 
a solid electrolyte as the ion conductor between the positive electrode and negative 
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electrode which has no danger of liquid leak and can be placed in a simplified package 
to reduce the size and weight of the cell. Especially great attention is paid to a solid 
polymer electrolyte having lithium salt dissolved in a polymer and a gel-like solid 
electrolyte containing electrolyte in a matrix polymer (hereinafter, referred to as a gel 
electrolyte). 

A gel electrolyte cell using such a gel electrolyte can be produced as follows. 

Firstly, for the positive electrode, a positive electrode composite agent 
containing a positive electrode active material, conductive agent, and a binder is 
uniformly applied onto both surfaces of a positive electrode collector and dried so as 
to form a positive electrode active material layer, which is dried and pressed by a roll 
press so as to obtain a positive electrode sheet. 

Next, for the negative electrode, a negative electrode composite agent 
containing a negative electrode active material and a binder is uniformly applied onto 
both surfaces of a negative electrode collector and dried to form a negative electrode 
active material layer, which is dried and pressed by a roll press so as to obtain a 
negative electrode sheet. 

As for the gel electrolyte film, a sol electrolyte solution containing a 
non-aqueous solvent, electrolyte salt, and matrix polymer is uniformly applied onto 
both surfaces of the positive electrode sheet and the negative electrode sheet and dried 
to remove the solvent. Thus, a gel electrolyte film is formed on the positive electrode 
active material layer and the negative electrode active material layer. 
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The positive electrode sheet having the gel electrolyte film is, for example, cut 
into a strip. Furthermore, the gel electrolyte film and the positive electrode active 
material layer of the portion for a positive electrode lead welding is removed from the 
surface of the positive electrode collector, and the positive electrode lead is welded 
here, so as to obtain a strip positive electrode having the gel electrolyte film. 

Moreover, the negative electrode sheet having the gel electrolyte film is, for 
example, cut into a strip. Furthermore, the gel electrolyte film and the negative 
electrode active material layer of the portion for a negative electrode lead welding is 
removed from the surface of the negative electrode collector, and the negative 
electrode lead is welded here, so as to obtain a strip negative electrode having the gel 
electrolyte film. 

Lastly, the strip positive electrode and the strip negative electrode each having 
the gel electrolyte film are laid upon one another and the layered body is rolled in the 
longitudinal direction by several turns so as to obtain a rolled electrode body. This 
rolled electrode body is sandwiched by exterior films, whose outermost peripheries are 
heat-sealed under a reduced pressure so that the rolled electrode body is airtightly 
sealed in the exterior films to complete the gel electrolyte cell. 

In the rolled type gel electrolyte secondary cell having the aforementioned 
configuration, the gel electrolyte film formed on the electrode surface is defined so as 
to have a larger width than the electrode so as to improve reliability of the operation 
of the cell. 
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In order to obtain the aforementioned width of the gel electrolyte film, various 
trials have been made to increase the dimensional accuracy of the gel electrolyte 
coating apparatus and the accuracy of the coating position. However, due to the gel 
viscosity fluctuations and the porosity and the surface roughness fluctuations of the 
electrode to which the gel electrolyte is to be applied, it is difficult to obtain a stable 
dimensional accuracy of the gel electrolyte film. The gel electrolyte film often has a 
too large width to be placed in a package when assembling the cell or too small width, 
causing a short circuit between the positive electrode and the negative electrode. 

Moreover, in order to solve this problem, there is a method to form the gel 
electrolyte film having a sufficiently larger width than the electrode and then cut off 
an excessive portion of the gel electrolyte film using a roller cutter or removed using 
a brush or scraper. However, this has caused various problems such that a portion of 
the gel electrolyte film to be left is removed or a portion of the gel electrolyte film 
which has been cut off is mixed into the cell, lowering the yield. 

Summary of the Invention 

It is therefore an object of the present invention to provide an electrode 
production method and a gel electrolyte cell production method capable of forming a 
gel electrolyte film on the electrode with a stable high accuracy. 

The electrode production method according to the present invention is for 
producing an electrode including a rectangular electrode carrier and a gel electrolyte 
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film formed on the electrode carrier and having a width greater than the electrode 
carrier, the method including: an overlaying step for overlaying a first carrier having 
a greater width than the gel electrolyte film, a second carrier having a width 
approximately identical to that of the gel electrolyte film, and the electrode carrier in 
this order; a coating step for applying an electrolyte composition onto the first carrier, 
the second carrier, and the electrode carrier which have been put upon one another, in 
such a manner that the applied electrolyte composition has a width greater than the 
width of the second carrier and smaller than the width of the first carrier; a first 
peel-off step for peeling off from the first carrier the second carrier and the electrode 
carrier coated with the gel electrolyte composition in the coating step and overlaid on 
each other; a gelatinization step for gelatinizing into a gel electrolyte film the 
electrolyte composition applied onto the second carrier and the electrode carrier which 
have been peeled off from the first carrier in the first peel-off step, and a second 
peel-off step for peeling off from the second carrier the gel electrolyte film and the 
electrode carrier. 

In the aforementioned electrode production method according to the present 
invention utilizing the difference in adhesion between the first carrier, the second 
carrier, and the electrode carrier with the electrolyte composition or the gel electrolyte 
film, the gel electrolyte film is formed on the electrode carrier with a high accuracy 
without peeling off of the gel electrolyte film from the electrode carrier. 

Moreover, the gel electrolyte cell production method uses an electrode including 
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a rectangular electrode carrier and a gel electrolyte film formed on the electrode carrier 
and having a width greater than the electrode carrier, the electrode being produced by: 
an overlaying step for overlaying a first carrier having a greater width than the gel 
electrolyte film, a second carrier having a width approximately identical to that of the 
gel electrolyte film, and the electrode carrier in this order; a coating step for applying 
an electrolyte composition onto the first carrier, the second carrier, and the electrode 
carrier which have been put upon one another, in such a manner that the applied 
electrolyte composition has a width greater than the width of the second carrier and 
smaller than the width of the first carrier; a first peel-off step for peeling off from the 
first carrier the second carrier and the electrode carrier coated with the gel electrolyte 
composition in the coating step and overlaid on each other; a gelatinization step for 
gelatinizing into a gel electrolyte film the electrolyte composition applied onto the 
second carrier and the electrode carrier which have been peeled off from the first 
carrier in the first peel-off step; and a second peel-off step for peeling off from the 
second carrier the gel electrolyte film and the electrode carrier. 

In the aforementioned gel electrolyte cell production method according to the 
present invention utilizing the difference in adhesion between the first carrier, the 
second carrier, and the electrode carrier with the electrolyte composition or the gel 
electrolyte film, the gel electrolyte film is formed on the electrode carrier with a high 
accuracy without peeling off of the gel electrolyte film from the electrode carrier. 
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Brief Description of the Drawings 

Fig. 1 is a perspective view showing a configuration example of a solid 
electrolyte cell according to the present invention. 

Fig. 2 is a cross sectional view about the line X-Y in Fig. 1. 

Fig. 3 is a perspective view of a positive electrode and a negative electrode 
which are formed into a rolled electrode body. 

Fig. 4 is a perspective view showing a configuration example of the positive 
electrode. 

Fig. 5 is a perspective view showing a configuration example of the negative 
electrode. 

Fig. 6 explains a gel electrolyte film formation method according to the present 
invention with a plan view of a flat plate, a carrier, and a positive electrode ribbon 
placed on one another. 

Fig. 7 is a cross sectional view about the line X r X 2 in Fig. 6. 

Fig. 8 explains the gel electrolyte film formation method according to the 
present invention with plan view of an electrolyte solution applied to the flat plate, the 
carrier, and the positive electrode ribbon which are placed on one another. 

Fig. 9 is a cross sectional view about the line X 3 -X 4 in Fig. 8. 

Fig. 10 explains the gel electrolyte film formation method according to the 
present invention with a plan view showing a state after the carrier and the positive 
electrode ribbon are peeled off from the flat plate. 
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Fig. 11 is a cross sectional view about the line X^X^ in fig. 10. 

Fig. 12 explains the gel electrolyte film formation method according to the 
present invention with a plan view showing a state after the positive ribbon is peeled 
off from the carrier. 

Fig. 13 is a cross sectional view about the line X 7 -X 8 in Fig. 12. 

Detailed Description of Preferred Embodiments 

Description will now be directed to a preferred embodiment with reference to 
the attached drawings. 

Fig. 1 and Fig. 2 show a configuration example of the gel electrolyte cell 
produced according to the present invention. The gel electrolyte cell 1 includes a strip 
positive electrode 2, a strip negative electrode 3 arranged to oppose to the positive 
electrode 2, and a gel electrolyte film 4 arranged between the positive electrode 2 and 
the negative electrode 3. The positive electrode 2 and the negative electrode 3 are 
layered via the gel electrolyte film 4 and rolled in the longitudinal direction to obtain 
a rolled electrode body 5 shown in Fig. 3, which is covered and sealed in an exterior 
film 6 made from an insulation material. The positive electrode 2 is provided with a 
positive electrode terminal 7 and the negative electrode 3 is provided with a negative 
electrode terminal 8. The positive electrode terminal 7 and the negative electrode 
terminal 8 protrude through the sealing portion of the peripheral portion of the exterior 
film 6. 
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As shown in Fig. 4, the positive electrode 2 includes a positive electrode active 
material layer 2a containing a positive electrode active material is formed on both 
sides of a positive electrode collector 2b. The positive electrode collector 2b, for 
example, is made from a metal foil such as an aluminum foiL 

For the positive electrode active material, it is possible to use a composite oxide 
such as lithium cobaltate, lithium nickelate, lithium manganate whose portion is 
substituted by a transition metal, or a transition metal compound such as manganese 
dioxide and vanadium pentoxide, or a transition metal chalcogen compound such as 
iron sulfide. 

It should be noted that Fig. 4 shows a gel electrolyte film 4a, which will be 
detailed later, formed on the positive electrode active material layer 2a of the positive 
electrode 2. 

Moreover, as shown in Fig. 5, the negative electrode 3 includes a negative 
electrode active material layer 3a containing a negative electrode active material 
formed on a negative electrode collector 3b. The negative electrode collector 3b is 
formed, for example, from a metal foil such as a copper foil. 

The negative electrode active material may be a material capable of doping and 
dedoping lithium. As the material capable of doping and dedoping lithium, there can 
be exemplified pyrocarbons, coke, acetylene black, other carbon black, graphite, glassy 
carbon, active carbon, carbon fiber, organic polymer sintered body, coffee beans 
sintered body, cellulose sintered body, bamboo sintered body, and other carbon 
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materials, lithium metal, lithium alloy, or polyacetylene, and other conductive 
polymers. 

It should be noted that fig. 5 shows a gel electrolyte film 4b, which will be 
detailed later, formed on the negative active material layer 3a of the negative electrode 
3. 

The gel electrolyte film 4 contains an electrolyte salt, matrix polymer, and a 
swelling solvent as a plastic material. 

For the electrolyte salt, it is possible to use LiPF 6 , LiAsF 6 , LiBF 4 , LiC10 4 , 
LiCF 3 S0 3 , Li(CF 3 S0 2 ),N, LiC 4 F 9 SQ,, and the like solely or in combination with others. 

The matrix polymer is not limited to a particular chemical structure if it shows 
ion conductance not less than 1 mS/cm at room temperature. As this matrix polymer, 
for example, it is possible to use polyacrylonitrile, polyvinylidene fluoride, 
polytetrafluoroethylene, polyhexafluoropropylene, polyethylene oxide, polypropylene 
oxide, polyphosphazene, polysiloxane, polyvinyl acetate, polyvinyl alcohol, 
polymethyl methacrylate, polyacrylic acid, polymethacrylic acid, styrene-butadiene 
rubber, nitrile-butadiene rubber, polystyrene, polycarbonate, and the like. 

The swelling solvent may be ethylene carbonate, propylene carbonate, butylene 
carbonate, y-butyrolactone, y-valerolactone, diethoxyethane, tetrahydrofuran, 2-methyl 
tetrahydrofuran, 1, 3-dioxane, methyl acetate, methyl propionate, dimethyl carbonate, 
diethyl carbonate, ethylmethyl carbonate, and other non-aqueous solvents. Each of 
these can be used solely or in combination with others. 
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Here, as shown in Fig. 4, in the gel electrolyte cell 1 according to the present 
embodiment, the gel electrolyte film 4a is formed on the positive electrode active 
material layer 2a of the positive electrode 2 so as to have a larger width than the 
positive electrode 2. Moreover, as shown in Fig. 5, the gel electrolyte film 4b is 
formed on the negative electrode active material layer 3a of the negative electrode 3 
so as to have a larger width than the negative electrode 3. In this gel electrolyte cell 
1, as shown in Fig. 2 and Fig. 3, the positive electrode 2 and the negative electrode 3 
are layered via the gel electrolyte film 4 and rolled in the longitudinal direction so as 
to obtain the rolled electrode body 5. 

Next, explanation will be given on a production method of such a gel electrolyte 

cell 1. 

Firstly, for the positive electrode 2, a positive electrode composite agent 
containing a positive electrode active material and a binder is uniformly applied on a 
metal foil such as an aluminum foil to serve as the positive electrode collector 2b and 
dried so as to obtain a positive electrode active material layer 2a. Thus, a positive 
electrode sheet is ready. The binder contained in the positive electrode composite 
agent may be selected from known binders with or without addition of known 
additives. The positive electrode sheet having the positive electrode active material 
layer 2a is cut into a predetermined width to obtain a positive electrode ribbon. 

Next, the gel electrolyte film 4a is formed on the positive electrode active 
material layer 2a of the positive electrode ribbon. In order to form the gel electrolyte 
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film 4, firstly, an electrolyte salt is dissolved in a non-aqueous solvent to prepare a 
non-aqueous electrolyte solution. A matrix polymer is added to this non-aqueous 
electrolyte solution and sufficiently agitated to dissolve the matrix polymer to obtain 
a sol electrolyte solution. 

Next, a predetermined amount of this electrolyte solution is applied onto the 
positive electrode active material layer 2a, and cooled down at room temperature so 
that the matrix polymer is gelatinized. Thus, the gel electrolyte film 4a is formed on 
the positive electrode active material layer 2a. 

It should be noted that the formation method of the gel electrolyte film on the 
positive electrode ribbon will be detailed later. 

Next, the positive electrode ribbon having the gel electrolyte film 4a is cut into 
a predetermined length. The gel electrolyte film 4a and the positive electrode active 
material layer 2a of a portion to which a positive electrode lead is to be welded are 
removed and a lead made from, for example, aluminum is welded here to serve as a 
positive electrode terminal 7. Thus, a strip positive electrode 2 having the gel 
electrolyte film 4a is obtained. 

Moreover, for the negative electrode 3, a negative electrode composite agent 
containing a negative electrode active material and a binder is uniformly applied on a 
metal foil such as a copper foil to serve as the negative electrode collector 3b and dried 
so as to obtain a negative electrode active material layer 3a. Thus, a negative electrode 
sheet is ready. The binder contained in the negative electrode composite agent may 
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be selected from known binders with or without addition of known additives. The 
negative electrode sheet having the negative electrode active material layer 3a is cut 
into a predetermined width to obtain a negative electrode ribbon. 

Next, the gel electrolyte film 4b is formed on the negative electrode active 
material layer 3a of the negative electrode ribbon. In order to form the gel electrolyte 
film 4, firstly, a predetermined amount of the electrolyte solution prepared in the same 
way as the aforementioned is applied onto the negative electrode active material layer, 
and cooled down at room temperature so that the matrix polymer is gelatinized. Thus, 
the gel electrolyte film 4b is formed on the negative electrode active material layer 3a. 

It should be noted that the formation method of the gel electrolyte film on the 
negative electrode ribbon will be detailed later. 

Next, the negative electrode ribbon having the gel electrolyte film 4b is cut into 
a predetermined length. The gel electrolyte film 4b and the negative electrode active 
material layer 3a of a portion to which a negative electrode lead is to be welded are 
removed and a lead made from, for example, nickel is welded here to serve as a 
negative electrode terminal 8. Thus, a strip negative electrode 3 having the gel 
electrolyte film 4b is obtained. 

The strip positive electrode 2 and the strip negative electrode 3 are attached to 
each other so that the gel electrolyte films 4a and 4b face to each other and pressed to 
obtain a layered electrode body. Furthermore, this layered electrode body is rolled in 
the longitudinal direction to obtain a rolled electrode body 5. 
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Lastly, the rolled electrode body 5 is packed in an exterior film 6 made from an 
insulation material so that the positive electrode terminal 7 and the negative electrode 
terminal 8 protrude through the seal portions. Thus, the gel electrolyte cell 1 is 
complete. 

Next, explanation will be given on the formation method of the gel electrolyte 
film on the positive electrode ribbon and the negative electrode ribbon. It should be 
noted that explanation will be given on the case of forming the gel electrolyte film on 
the positive electrode ribbon as an example, but this can applied to the case when 
forming the gel electrolyte film on the negative electrode ribbon. 

Firstly, as shown in Fig. 6 and Fig. 7, a flat plate 10, a carrier 11, and a positive 
electrode ribbon 12 are placed upon one another in this order. Here, the flat plate 10, 
the carrier 11, and the positive electrode ribbon 12 are placed so that the center lines, 
as shown at the line A-B in Fig. 6, in the longitudinal direction of the flat plate 10, the 
carrier 11, and the positive electrode ribbon 12 are matched with one another. 

The flat plate 10 has a width t 3 greater than the width t 2 of the positive electrode 
ribbon 12 and the width of the gel electrolyte film formed on the positive electrode 
ribbon 12. 

Here, the flat plate 10 may be made from any material if it has adhesion with 
the gel electrolyte film higher than the adhesion between the carrier 11 and the gel 
electrolyte film. The flat plate 10 may be made from, for example, metal or glass. 

Moreover, the carrier 11 has a width t, approximately equal to the width of a gel 
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electrolyte film 13a formed on the positive electrode ribbon 12. That is, the width t 2 
of the carrier 11 is greater than the width t x of the positive electrode ribbon 12 and 
smaller than the width t 3 of the flat plate 10. Moreover, the flat plate 11 has a 
thickness as small as possible while a desired strength can be obtained. 

Here, the material of the carrier 11 is not limited to a particular material under 
the condition that the adhesion with the gel electrolyte film is lower than the adhesion 
between the positive electrode ribbon 12 and the gel electrolyte film. The carrier 11 
may be preferably made from a material such as metal or synthetic resin. 

Next, as shown in Fig. 8 and Fig. 9, the sol electrolyte solution 13 is applied 
onto the layered flat plate 10, the carrier 11, and the positive electrode ribbon 12. 
Here, the electrolyte solution 13 is applied so as to have a coating width t 4 greater than 
the width t, of the carrier 11 and smaller than the width t 3 of the flat plate 10. 

Next, as shown in Fig. 10 and Fig. 11, with the electrolyte solution 13 applied 
to the layered flat plate 10, the carrier 11, and the positive electrode ribbon 12, the 
carrier 11 and the positive electrode ribbon 12 are peeled off from the flat plate 10. 

Here, as has been described above, the adhesion between the gel electrolyte film 
and the flat plate 10 is higher than that between the gel electrolyte film and the carrier 
11. Accordingly, the portion of the electrolyte solution 13 on the flat plate 10 and 
protruding from the carrier 11, i.e., the electrolyte solution 13 coated out of the carrier 
11 is adhered to the flat plate 10 and remains there. As a result, on the carrier 11, over 
the positive electrode ribbon 12 placed on the carrier 11, the electrolyte solution 13 
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remains with an approximately identical width as the carrier 11. 

Next, the sol electrolyte solution 13 applied onto the carrier 11 and the positive 
electrode ribbon 12 is gelatinized to form the gel electrolyte film 13a. 

Lastly, as shown in Fig. 12 and Fig. 13, the positive electrode ribbon 12 and the 
gel electrolyte film 13a are peeled off from the carrier 11. Here, as has been described 
above, since the adhesion between the gel electrolyte film 13a and the positive 
electrode ribbon 12 is higher than that between the gel electrolyte film 13a and the 
carrier 11, the portion of the gel electrolyte film 13a on the carrier 11 and protruding 
from the width of the positive electrode ribbon 12, i.e., formed out of the positive 
electrode ribbon 12 is peeled off from the carrier 11 together with the positive 
electrode ribbon 12 due to the difference in the adhesion. 

As has been described above, the gel electrolyte film 13a is formed on the 
positive electrode ribbon 12 so as to have a width greater than that of the positive 
electrode ribbon 12. 

In the aforementioned method utilizing the adhesion difference between the flat 
plate 10, the carrier 11, and the gel electrolyte film 13a, it is possible to form the gel 
electrolyte film 13a on the positive electrode ribbon 12 with a high accuracy without 
danger of peeling off of the gel electrolyte film 13a from the positive electrode ribbon 
12. Accordingly, in the aforementioned method, there is no danger of removal of the 
gel electrolyte film 13a which is to remain or mixing of a cut off portion of the gel 
electrolyte film 13a into the product. 

16 



Moreover, in the aforementioned method, the gel electrolyte film 13a is formed 
with a width approximately identical to the width of the carrier 11. Accordingly, by 
adjusting the width of the carrier 11, it is possible to obtain a desired width of the gel 
electrolyte film 13a without difficulty. 

It should be noted that while explanation has been given on the embodiment of 
a cell using a strip positive electrode and a strip negative electrode are layered via a 
gel electrolyte film and rolled into the longitudinal direction into a rolled electrode 
body, the present invention is not to be limited to this example. The present invention 
can also be applied to a case when the strip positive electrode and the strip negative 
electrode layered via the gel electrolyte film are folded instead of being rolled to obtain 
an electrode body or to a case when a rectangular positive electrode and a rectangular 
negative electrode are layered via a gel electrolyte film to obtain a layered electrode 
body. 

Moreover, the gel electrolyte cell 1 according to the aforementioned 
embodiment is not to be limited to a particular shape such as a circular shape, angular 
shape and the like. Moreover, the gel electrolyte cell 1 may be a thin type, large-size 
1 ype, or the like. Moreover, the present invention can be applied to a primary cell as 
well as to a secondary cell. 

Example 

In order to confirm the effect of the present invention, a gel electrolyte film was 
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formed on an electrode ribbon according to the aforementioned method. 

Firstly, an electrode ribbon was placed on a carrier in such a manner that their 
centers in the width directions coincide and rolled into a rolled electrode body. 

Here, the carrier used was polypropylene film having a length of 200 m, width 
of 62 mm, and thickness of 0.05 mm. Moreover, the electrode ribbon had a length of 
150 m, width of 60 mm, and thickness of 0.15 mm. 

The layered body of the carrier and the electrode ribbon was made to travel 
along a surface of a coating drum having a width of 100 mm while an electrolyte 
solution was applied onto the surface of the carrier and the electrode ribbon with a 
thickness of 20 \xm using a doctor blade apparatus. The doctor blade apparatus had 
a discharge opening width of 70 mm. 

That is, the electrolyte solution was applied onto the carrier and the electrode 
ribbon so as to have a width smaller than the width of the coating drum and greater 
than the width of the carrier. 

When the electrolyte coating is complete and the electrode is removed from the 
coating drum, the carrier and the electrode ribbon are peeled off from the coating 
drum. Here, the electrolyte solution of the portion out of the width of the carrier 
remained on the coating drum surface, which was removed by a scraper in contact with 
the coating roll. 

After that, the electrolyte solution was gelatinized to form a gel electrolyte film 
and the electrode ribbon was peeled off from the carrier. Thus, a gel electrolyte film 
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was formed on the electrode ribbon so as to protrude in the width direction by 1.0 mm 
at both sides. 

By forming the gel electrolyte film as has been described above, it was possible 
to produce a desired gel electrolyte film without removing a gel electrolyte film portion 
to be left or mixing a cut-off gel film into the product to lower the yield. 

Since the present invention utilizes the adhesion difference between the 
electrode carrier, the first carrier, the second carrier, and the gel electrolyte film, there 
is no danger of peeling off of the gel electrolyte film from the electrode carrier and it 
is possible to form a gel electrolyte film on the electrode carrier with a high accuracy. 
Accordingly, in this invention, there is no danger of removal of a gel electrolyte film 
portion to be left or mixing of a cut-off gel electrolyte film into the product. 

Thus, the present invention can form an excellent electrode and a gel electrolyte 
cell having a high reliability. 
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What is Claimed is: 

1. In the electrode production method for producing an electrode including 
a rectangular electrode carrier and a gel electrolyte film formed on the electrode carrier 
and having a width greater than the electrode carrier, the method comprising of: 

an overlaying step for overlaying a first carrier having a greater width than the 
gel electrolyte film, a second carrier having a width approximately identical to that of 
the gel electrolyte film, and the electrode carrier in this order, 

a coating step for applying an electrolyte composition onto the first carrier, the 
second carrier, and the electrode carrier which have been put upon one another in the 
overlaying step, in such a manner that the applied electrolyte composition has a width 
greater than the width of the second carrier and smaller than the width of the first 
carrier, 

a first peel-off step for peeling off from the first carrier the second carrier and 
the electrode carrier coated with the gel electrolyte composition in the coating step and 
overlaid on each other, 

a gelling step for forming into a gel electrolyte film the electrolyte composition 
applied onto the second carrier and the electrode carrier which have been peeled off 
from the first carrier in the first peel-off step, and 

a second peel-off step for peeling off from the second carrier the electrode 
carrier and the gel electrolyte film gelled in the gelling step. 
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2. The electrode production method of Claim 1, wherein the electrolyte 
composition in the coating step is in a sol state, 

3. The electrode production method of Claim 2, wherein the electrolyte 
composition contains an electrolyte salt, matrix polymer, and a swelling solvent. 

4. The electrode production method of Claim 3, wherein the electrolyte salt 
is further defined as being selected from the group consisting of LiPF 6 , LiAsF 6 , 
LiC10 4 , LiCF 3 S0 3 , Li(CF 3 S0 2 ) 2 N, and LiC 4 F 9 S0 3 . 

5. The electrode production method of Claim 3, wherein the matrix polymer 
is further defined as being selected from the group consisting of polyacrylonitrile, 
polyvinylidene fluoride, polytetrafluoroethylene, polyhexafluoropropylene, 
polyethylene oxide, polypropylene oxide, polyphosphazene, polysiloxane, polyvinyl 
acetate, polyvinyl alcohol, polymethyl methacrylate, polyacrylic acid, polymethacrylic 
acid, styrene-butadiene rubber, nitrile-butadiene rubber, polystyrene, and 
polycarbonate. 

6. The electrode production method of Claim 3, wherein the swelling 
solvent is further defined as being selected from the group consisting of ethylene 
carbonate, propylene carbonate, butylene carbonate, y-butyrolactone, y-valerolactone, 
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diethoxyethane, tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 3-dioxane, methyl 
acetate, methyl propionate, dimethyl carbonate, diethyl carbonate, and ethylmethyl 
carbonate. 

7. The electrode production method of Claim 1, wherein in the first peel-off 
step, the first carrier has the adhesion with the electrolyte composition higher than the 
adhesion between the second carrier and the electrolyte composition. 

8. The electrode production method of Claim 1, wherein in the second 
peel-off step, the second carrier has the adhesion with the gel electrolyte film lower 
than the adhesion between the electrode carrier and the gel electrolyte film. 

9. The electrode production method of Claim 8, wherein the second carrier 
consists of a synthetic resin. 

10. The electrode production method of Claim 9, wherein the synthetic resin 
consists of propylene. 

11. In the gel electrolyte cell production method using an electrode including 
a rectangular electrode carrier and a gel electrolyte film formed on the electrode carrier 
and having a width greater than the electrode carrier, the electrode being produced by: 
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an overlaying step for overlaying a first carrier having a greater width than the 
gel electrolyte film, a second carrier having a width approximately identical to that of 
the gel electrolyte film, and the electrode carrier in this order, 

a coating step for applying an electrolyte composition onto the first carrier, the 
second carrier, and the electrode carrier which have been put upon one another in the 
overlaying step, in such a manner that the applied electrolyte composition has a width 
greater than the width of the second carrier and smaller than the width of the first 
carrier, 

a first peel-off step for peeling off from the first carrier the second carrier and 
the electrode carrier coated with the gel electrolyte composition in the coating step and 
overlaid on each other, 

a gelling step for forming into a gel electrolyte film the electrolyte composition 
applied onto the second carrier and the electrode carrier which have been peeled off 
from the first carrier in the first peel-off step, and 

a second peel-off step for peeling off from the second carrier the electrode 
carrier and the gel electrolyte film gelled in the gelling step. 

12. The gel electrolyte cell production method of Claim 11, wherein the 
electrolyte composition in the coating step is in a sol state. 

13. The gel electrolyte cell production method of Claim 12, wherein the 
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electrolyte composition contains an electrolyte salt, matrix polymer, and a swelling 
solvent. 

14. The gel electrolyte cell production method of Claim 13, wherein the 
electrolyte salt is further defined as being selected from the group consisting of LiPF 6 , 
LiAsF 6? LiC10 4 , LiCF 3 S0 3 , Li(CF 3 S0 2 ) 2 N, and LiC 4 F 9 SQ 3 . 

15. The gel electrolyte cell production method of Claim 13, wherein the 
matrix polymer is further defined as being selected from the group consisting of 
polyacrylonitrile, polyvinylidene fluoride, polytetrafluoroethylene, 
polyhexafluoropropylene, polyethylene oxide, polypropylene oxide, polyphosphazene, 
polysiloxane, polyvinyl acetate, polyvinyl alcohol, polymethyl methacrylate, 
polyacrylic acid, polymethacrylic acid, styrene-butadiene rubber, nitrile-butadiene 
rubber, polystyrene, and polycarbonate. 

16. The gel electrolyte cell production method of Claim 13, wherein the 
swelling solvent is further defined as being selected from the group consisting of 
ethylene carbonate, propylene carbonate, butylene carbonate, y-butyrolactone, 
y-valerolactone, diethoxyethane, tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 
3-dioxane, methyl acetate, methyl propionate, dimethyl carbonate, diethyl carbonate, 
and ethylmethyl carbonate. 

24 



17. The gel electrolyte cell production method of Claim 11, wherein in the 
first peel-off step, the first carrier has the adhesion with the electrolyte composition 
higher than the adhesion between the second carrier and the electrolyte composition. 

18. The gel electrolyte cell production method of Claim 11, wherein in the 
second peel-off step, the second carrier has the adhesion with the gel electrolyte film 
lower than the adhesion between the electrode carrier and the gel electrolyte film. 

19. The gel electrolyte cell production method of Claim 18, wherein the 
second carrier consists of a synthetic resin. 

20. The gel electrolyte cell production method of Claim 19, wherein the 
synthetic resin consists of propylene. 

21. An electrode produced by the method of Claim 1. 

22. A gel electrolyte cell comprising of the electrode of Claim 21. 

23. A gel electrolyte cell of Claim 22, wherein the positive electrode and the 
negative electrode are cut into predetermined lengths each other, and attached to each 
other so that the gel electrolyte film faces to each other, and rolled in the longitudinal 
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direction, and packed in an exterior film made from an insulation material. 

24. A gel electrolyte cell of Claim 23, wherein a positive electrode lead is 
welded on the positive electrode and a negative electrode lead is welded on the 
negative electrode, and these leads protrude through the seal portions of the exterior 
film. 
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Abstract 

The present invention provides an electrode production method for producing 
an electrode including a rectangular electrode carrier and a gel electrolyte film formed 
on the electrode carrier and having a width greater than the electrode carrier. The 
method includes: an overlaying step for overlaying a first carrier having a greater 
width than the gel electrolyte film, a second carrier having a width approximately 
identical to that of the gel electrolyte film, and the electrode carrier in this order; a 
coating step for applying an electrolyte composition onto the first carrier, the second 
carrier, and the electrode carrier in such a manner that the applied electrolyte 
composition has a width greater than the width of the second carrier and smaller than 
the width of the first carrier; a first peel-off step for peeling off from the first carrier 
the second carrier and the electrode carrier; a gelatinization step for gelatinizing the 
electrolyte composition into a gel electrolyte film; and a second peel-off step for 
peeling off from the second carrier the gel electrolyte film and the electrode carrier. 
Thus, the gel electrolyte film can be formed on the electrode with a high accuracy. 
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As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are 
as stated next to my name, 



I believe i am the original, first and sole inventor (if 
only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the 
subject matter which is claimed and for which a patent 
is sought on the invention entitled 

"ELECTRODE AND GEL ELECTRIC CELL 
PRODUCTION METHOD" 



the specification of which is attached hereto unless 
the following box is checked: 
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(if applicable) 

i hereby state that I have reviewed and understand 
the contents of the above identified specification, 
including the claims, as amended by any amendment 
referred to above. 



I acknowledge the duty to disclose information which 
is material to patentability as defined in Title 37, Code 
of Federal Regulations, Section 1.56. 
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I hereby claim foreign priority under Title 35, United 
States Code, Section 1 19(a)-(d) or 365(b) of any 
foreign application(s) for patent or inventor's 
certificate or 365(a) of any PCT international 
application which designated at least one country 
other than the United States, listed below and have 
also identified below, by checking the box, any foreign 
application for patent or Inventor's certificate or PCT 
International application having a filing date before 
that of the application on which priority is claimed: 



Prior Foreign Application(s) 
P1 1-318434 Japan 



November 9, 1999 



(Number) (Country) (Day Month Year Filed) 
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(Number) (Country) (Day Month Year Filed) 
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I hereby claim the benefit under Title 35, United 
States Code, Section 120 of any United States 
application(s) or 365(c) of an PCT International 
application designating the United States, listed below 
and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior 
United States or PCT International application in the 
manner provided by the first paragraph of Title 35, 
United States Code, Section 112, 1 acknowledge the 
duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this 
application. 
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I hereby declare that all statements made herein of 
my own knowledge are true and that all statements 
made on information and belief are believed to be 
true; and further that these statements were made 
with the knowledge that willful false statements and 
the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false 
statements may jeopardize the validity of the 
application or any patent issued thereon. 
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number) 



IBavid R. Metzger (Reg. No. 32,919), Joseph A. Mahoney (Reg. No. 38,956), Howard B. Rockman (Reg. No. 22,190), 
Cjbrdan A. Sigale, (Reg. No. 39,028), Michael A. Molano (Reg. No. 39,777), Michael L. Kiklis (Reg. No. 38,939), 
SJanelle D. Strode (Reg. No. 34,738), Kevin W. Guynn (Reg. No. 29,972), Jennifer Hammond (Reg. No. 41,814), Lana 
Knediik (Reg. No. 42,748), John F. Griffith (Reg. No. 44,137), Marina Saito (Reg. No. 42,121), Alison P. Schwartz 
(Reg. No. 43,863), Christopher P. Rauch (Reg. No. 45,034), Francisco Rubio-Campos (Reg. No. 45,358), Brian J. 
Gill (Reg. No. 46,727) and Shashank S. Upadbye, all members of the firm of Sonnenschein, Nath & Rosenthal 
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